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/ 1-SHALLOW FOUNDATIONS

% Quick Revision %

Types of soil :-

. el Gl L,
(D Cohesionless soil AL @ Cohesive soil ¢ | ..
( Sand, Gravel ) ( Clay, Si‘h‘ )
Lis p WLy - C.P WLy -

ASoladl Lyl ASuLis el Lyl Lol Sedimentary Rocks 3w g )b | gouall 5iics -
. (Clay, Silt, Sand and Gravel) I cJyo5 il Jolse s G aadl Jolgedl douin

JoGdl 5L ook oo Aaladl il Aolae pidl Ll G 3,0 oS -
ASolae G55 a3 #200 p3) Joae JUs e 5 L5 gl o) Sus (Sieve Analysis)

Where : -
C : Cohesion Strength (Kpa, KN/m°) il Sl oo eloladl iyl
el 1l DS Ul B0

& : Internal Friction angle
"Angle of repose”

C, @ : Shear Parameters

® Soil Shear Strength :-

T - C + O tan

Where : - T
T : Soil shear Strength /

O, : Normal stress acting at failure plan | l o
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-

*® Shear parameters for different soil conditions :-

S eslS 15U Bl Ul Glsl €, @ wikas -
(@D Cohesionless soil :- (b -soil]
C = 0 , C!) = \/\/

@ Cohesive Soil :- S L,

“Short term condition"

l— (@ Undrained Condition :- C-soi
[C-soil] “Just after construction"

daeans U JWL, g2y Jaee Leale i8oLaie L5 le Jraodl o Ul 0de (63 -

Pyp= 0 _

) 2

Cin / \ e ¢ =, =0
qun

O Where : 9, = Unconfined compressive
"Mohr Circule" strength
l— (® Drained Condition :- “Long term condition"
T Lyl DLy e zasaIb clal Tay Josb o) Lyl JaasS aes -

58 Lacdl lahes o wlasUL Slusdt Tas,
ool g LA pole

' C,lqb' d—” Cunr un e
Al Lyl Slelyd e cldl gy 0l gouss -

&

o7 o, . "Consolidation" J! 8,»Ua

o

C
* b -9 /2019




/ 1-SHALLOW FOUNDATIONS

® Different Stresses at a point :-

@ Total Stress :-

Y
X (6W.T)
* O-{’A - zTotal* h —
h
:\Gbulk or Kd,.y (above G.W.T) h,,
KToTal:
™ ™ A
sat. (below 6.W.T) " Ne
(@ Pore water pressure :- Note i
3
= * = 10 KN/m
R, = D’w h, \6“, 3
Q) Effective stress :- o =1 t/m-
: = 1 gm/cm3
o’A = eff.* h
Kbulk or Kd,.y (above G.W.T)
Keff. - szub_ = qut_ - Kw .
sub. (below G.W.T)
Example: - \6 Gound Surface
sat. Y'Y
- * /_\\_ d
Or,= 27 1L6+1717+2%19=87 t/m  H1 Fy T =16 t/m’
- * _ 2 3
Ry=2*1 =2 t/m 1 (ewT) \6b= 17 t/m
‘ 2 . sand
O = Of - = 87-2 =67 t/m 2Zm
A Ta l‘l’A \6 / . h/sat,z 19t /m3
_Sllb. \\ [ J
or 05 =2%16+1%17+2*09= 67 t/m"
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/ 1-SHALLOW FOUNDATIONS

# Bearing Capacity of soil : -

p
@ Vertical Load :- .
A
WSoil above
Foundation Level
Df |
0,
J LXB Foundation Level
N oo e e R A R A AT O T e e — — —
Soil under
) Foundation Level
- L;SUS 1.:.)3.“ AJA:\I; (-_)l ,:’st..! quh’.grossJLa'?l &msl "T’l“‘AJ - Kz
C.
qulf-gross = CN. )“c * 771' Df' Nq')‘*q * YY2' 8. N]j‘}"“a d) -
Where :
he A= B
c., Vg = 1+03 —L—
- sacli)l S5 ole aaics SUales

R}

A - 1_0.3_31’_ (I 320t g mall 2550 L1 )

B = width of footing SioUl acldi
L = length of footing SUI aed)
N Np N = pazle Jpandl oS0 b le 2aies SUoles
359 G5 Jylan 5 SUsles oyl e
Special Case :-

At @ = 0 = [N.= 5




/I-SHALLOW'FOQNDATIONS

@ Inclined Loads :-

qU“’.gf‘OSS = C'NC' A‘C' iC +Kl' Df' Nq‘kq' iq +Kz' B . Nx'}\ax' i,ﬂ
Where :

= g L‘“"")‘” oL_>.3|.." d“l'° ,J.a:-J’ ,J..}.o ib_.":) d.].r. Aaics Ollelens
1 e JB1 W8I (gayg
Cu,a U G L lolus ol Gbiss

[

| 1“'171

- SIS qul'r._ne‘r olax 2 Q. gross wlas ac

qulf. gross Kl Df

q ult. net

q ult. net

qall.nef - F.O.5s

_L"i.-»U CP Los qu".ner"Lc ﬁm‘ﬂ' r'_'\_.g_,

/5019




/ 1-SHALLOW FOUNDATIONS

% Design of Shallow Footings %
% Introduction: -

COLUMN | Ak g8 pra aleS 833S (@ o) oS Kis Gans-
~ ki) Eadesadl dnlo,3J1
| - . -
e Jar o dgecd) Jan o525 5o sacl@) Liabs-
D, 3B .
RC el (a5l ole
L be ] From point or line load Stress on soil
— 8 -|

% Basic assumptions of footings design:

Jie 3ac il (ole gy sl piie olaat Gl e anlo,ndl aclyil o) wiaail adics -

TSN 1| R P AP
csaclill uS clew Hlinl Gosb e Rigid sacli) Jeo Gosb e S Gadss Sy -
P P
COLUMN B COLUMN -
N4 N4 /4 &

tZI R.C (LXB) t, I __RC(LXB)

TITTI i1 g ] Contact J\U\LLJ/LLU'
_ Stress Contact

Stress

Footing (2)
Dimensions (L X B) Dimensions (L X B)
Column load (P) Column load (P)
-t -t

Footing (1)

I
t

t,o>o 4

'
|

Rigid Footing Flexible Footing

Uniform Contact stress Non Uniform Contact stress

\
1
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f 1-SHALLOW FOUNDATIONS

- praaill die Gl Gabo, I Gades s

Loy g samad) 5l Slolan) w3 50N olan U (ae5 Gouis HLas) Gamg U -1

9 < g
all.
Where : - p
-9 = L x 8 ° Actual stress on soil
P.C P.C
- 9 - Allowable Bearing Capacity of soil

all.

Loy 7 gamall w2l aciy U (@ISI bgaall wa3 (455 o) - ¥

S < S
all.

% Loads acting on footing: -

[A) Loads from Superstructure:

1) Dead loads.
2) Live loads.
3) Wind loads.

4) Seismic loads.

[B] Loads from Subsoil condition:

1) Lateral or uplift forces on the footing elements due to high water

table.

2) Swelling pressures on footings in expansive soils.
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ﬁ‘SHALLOW'FOUNDAT[ONS

l:g Strip Footing: -

Jooi) Lalae (5 5alsbs azlyd gaym

S lgslly Lol gadl

[2] Isolated Footings: alainal acl !
Iger Jaoo psiy Bode Exlue S5 Gl s

. 1ass J.:-‘.,

WALL

——— )

2-a) Square isolated footing:

S N VRS WA P

Retalht al T
P I 5ac- :
N N | IRYOVS | POTRECN X ovpe
| Jade i Sy

2-b) Hunched Square isolated footings:

(ol Jiog agacdl Jioo) 52S) jatie clacs 13 ey ye dhadio delyd go-
U Gaaet o i 5,050 JlenU) S5 Gancll g paniusy

l J»lSdJL)"uSdMEJLU:l&iUUAUJAC_Lb-

1 S5l 5080 Jaod) Gy sacl@l oleyl

coxbsil) Hunch  Jas o3

1
Y
e e
I Hunch
|
[ [




/ 1-SHALLOW FOUNDATIONS

2-c) Rectangular isolated footing: l

-0 J Lasisy _ |
Jaliiss 0 gac- o
dlade pi gy Igac- o | — - |-

2-d) Circular isolated footing:

LB ladl saac Ul &a.la.'«i.é pASIas -
rd:-:i..z_) RIIKY) E.USo_g “:\:fj':ﬁ'“ '?_u.c..p Y
e yadl acl g3l

Lase

Combined Footings: &S ilad) aclsdl

._:C)US:: Lh.j_, o2 ger ,J.a.:N_xJ A48 J.c'_,.s S S

k
A-wm — |t w8 | —

///

L L

"Rectangular” "Trapezoidal"




/ 1-SHALLOW FOUNDATIONS |

Strap Beam:

Ofilaiie (5ac8 gle 555 B Lge Lanka 55 (o0gae Jaods (a518.) laac 5,05 o

@ m Beam
_T____j ——t ——
A A
[
o |
Isolated Footings
PLAN ELEVATION
[5]Raft: &zl |
, cores  JI ciSy saec Ul JIES) @315 Lol saac faex Joo Baxly 50 (co-
shear walls

0-7 oo »S1 acl 8 dalie 4S5 Loane ddis -

% vz %
-
72

PLAN




/l—SHALLOW'FOUNDA"ITONS _

% Types of Raft Foundation:-

1) Flat Plate :-

e A

2) Beams and slabs:-

—&/// %

3) Flat plate thickened under columns : (like drop panels in flat slabs)

5050 JlaUl Ul (5 2is, | -

4) Floating Raft:

% L/

el Ll Ul o pasis % %
Very soft clay Jie (Dp) 2 Z

Bearing Capacity WJ 55 il //7//////////,

Nax dhes
095 Gacdl la i o) Cumy Gaee Gae gle (Df) ol Ggeiie 1353 g0 3,500
Volume filled with soil #13l 2301 sood Boslas ual Jlea
oS L J3I Raft JI gle JlnUl Aase G sSad

/120f 19




/ 1-SHALLOW FOUNDATIONS

% % Components of shallow foundations:

—Oaad)y OBy e 828 (g S5 -
1- Plain concrete footing (P.C). zales 599 Lole Bl ,5
2- Reinforced concrete footing (R.C). ol B,

\/\

R.C I t RC

P.C 1 tpc
R N
|
x
l
I S e
-_ ] 4 — // _— - 4+— o o

pcC

2 (P.C) @oledl sacli)l ainby %

S g o)) B Hlada) Endesall BaclB Jih 8355 Blay 5,5 D
bl was ade o5

Jam o Baclill olanl g555 Ga S Geamg Boled) 5ac W 052y @
LouGl 55 ele 3 pacdl

@95 33 pUal Ga 5530l aleas 05 L B0 Slass e ey wasdl 5550 Q)
cvasdl s I

ﬁ3 of 19.




/ 1-SHALLOW FOUNDATIONS

sac il olesl 5o 5351 555 (L, L B, ) &oled) saclill slesl 5,55 Wobs ol das Ls-

' i JS o (X)) Hla8e (Lo By P Ll
Egim gind i Ly 3555y, ddoal) e Boled) 30s il 55 S5 (X) B3Laall Eypon-
: Gt el lin le el lans)
=

Diagonal tension failure due to stress concentration
at P.C footing lower corner

i

1

1:1 t

T

X = % — by j TakeX_: t

pC

PC

L BU LI moledly daded] Gaclill oleyl G GU 4S5 L -

LR.C - LP.C - 2t P.C
BR.C = BP.C - 2t P.C
or - SEXE
LP.c = LR.C AT
BP.C - BR.C v 2t




/ 1-SHALLOW FOUNDATIONS

% % Ultimate Limit Design of Footings:

II' Ultimate Loads:

:-- in case of

e P, =15P, = 15(R,+ P,) P < 75%R,
' in case of

® Pu = 1.4 PD.L + 1.6 PL.L PL.L> 75% PDL

Design of Sections under flexure:

(€T Wshy ) - 2lins) psied wbyeall Slelbil) pas-

6
_d = C, M num* 10

fow vmdy™ B

( 3aec) - O - O1,aS —aclsd ) anlo,adl SleUaill o5 oy )
3L3L Bem o830 )8 WL Sem e Eand)l oy ) 2y pdby

Example: € = 82

calc. cm

take it = 85
cm

L 218 _ take it = 220




/ 1-SHALLOW FOUNDATIONS

Allowable Siresses of concrete:

@) q = Allowable shear stress in foundations
SC -

u
F , @3 o) Cus0.24,4,0.16-
= 016 cu N/mm SLS Jae o3 U acl,dl)

0. T LAEs Lyeo o
@ gq ocu = Allowable punching shear stress in fodﬁdaﬁons
= 0316 (05+—4) 4|t N/mm’
where: - a= width of column KC

- b = length of column
a
but e } 05

if _:‘)_> 05 ——  taken=050

& %k Requirements for Design of Shallow Foundations :

sl Sleslea) J315 Go B 50el5 g prani)-

* Givens: -
@ Column Load . dgactl Joo
@ Column Dimensions . 3 gacdl olesl

(® Allowable bearing capacity (q ")
(5318
@ t,, orassumed.

® F,, F orassumed.
/ N
25 N/mm’ 360 N/mm2

working design for column Jacs (SJy ao,ss U Wl olace 3 gaedl olesl 055 o) 131-

where:-

s las dels dbsode R

A Peol. working *b Lo
= = a
col. Feo (mm)

where:-  Fr = 6—7 N/mm’ = sl Jazal) &L ,500 deylis
a = width of column (a ¥ 250mm),
b =length of column (b 17 5a).




/ 1-SHALLOW FOUNDATIONS

% % Concrete Dimensions of Shallow Foundations:

k
|

2
a.
o

—8ae s (o) olesl SLLT LUl oLl

Peol. working

'J\
RC Ttec D t pc is given or assumed 10—40 cm
L L Ttec (@ Areaof footing: "in case of normal force"
P
fact™ == ay

= Area of footing (min.) (m’)

if t pc 7 20 cm

"Lec™ Bpc

\/\

[

toc” 20 cm

tpccles o135 Bole 5acl5 plasiol dic-
saclill gl g)58 dgeedl Joo G aS
gaclil Jabo as) 5 oles o5 daduaai
toc @slSH @slaall 942 o) 1k Dolell
Slax Ul JEin <5 acy oS5 olaxUl g5 43

-2
- _P _
fac’rl‘ AP.C- all.
P
A T——= Ay,
q<1|l.

. Gan.
|
Lpc /\_A,\

Apc
if t pc < 20 cm
"Lpc™ Bpc
-/
.- /LP
b@@t:‘wm@d
t pc < 20 cm

tpcclen O Lole 323 il dae-
saclil oo £)50 gaedl Juo B i
a5 (L)5) 5,500 Ji, @5 dadoal
saclill Jobs g2y 55 solel G99 puwbill
Lo @il a3Leaall 02y pac) ks aolel
-olaa Ul 0545 solel

_ P _
. fac‘t.- AR,C- all.
P
A = —— = A -
. RC
Q.

® ty. and reinforcement A" :
axdaddl ac @l oleUas

MQ'#J&&—QW‘:J@M-

A2




/ 1-SHALLOW FOUNDATIONS

% % Minimum Requirement of R.C Footings:

U Ge Bodaall Al 3l ael 3zl s oley) 5 Ul Cano-

® By minimum = 80 cm For Example: o alaiie sacls ,euol
x x
® tpor minimum =(30 cm (0.80*0.80*030) m
with As= 5¢p12/m'
a dgacl) iUl acal in both directions
®  Asmin = 15* d(mm)

mm/m'  or5¢p12/m'

% % Details of Shallow Foundations:

sacl il e Jaol® ple dole OUas -

(»?) D Draw a PLAN and X-Section with

YWY  scale of 1:100 or 1:50 (Recommended).
05 m}p P12 (@ Take Df= 1.50m
Df<]‘: 1.5m /—‘ (-22) (uhless other noticed in the problem).
: (-??) or not less than 0.8m
| N RN N €
. SEC. (X-X) (3 In X-Section, we have to write

| every level for:

- Foundation level.
' ~ - Top surface of P.C footing.
- Top surface of R.C footing.

“ 5] l[ - Ground level.

i -1 x-sec. Ji 3 sUlalel e e @
PLAN ade bl daxd LGS, pelodUl (o5 bl oo o )=

8qb 16/m’




/ 1-SHALLOW FOUNDATIONS

coslbal saedl Ploy Loy cuyBl sy oyedl olosU (o8 sl -
7cm = cover Jl 7oy lelye cazg -

pracd nk o 8L Osactl Bax ) i -
ol osacdl o0 e asliny e

RBW sseedl was @85 ST pubs s -

6 @ 8/m' cu,BIL vgacdl SLIS b5 gess U -
il ULl 6 lin §Sh acl i)l was Wl -

—vo-

* Strip Footings.
* Isolated Footings.

2asll QUL 5 gole + i aclsil was G5 -

* Strip Footings. I incase of T pc 2100am
* Isolated Footings. oS pogs Cun
* Combined Footings. 5dp 12/m' Lsle
* Strap Beam.
Aaiial aclydil Ul (@6 b ALl i) 1¢H12 Ly 5 5ass gy -
5 o il (b Flslll sac 51y ¢h12 g0 aclsill (3 aolasinl (Se g Hhad J3T -
1052 Sae ST,

- plan g1 5 sV slele wou (B)
) _u..m."_, ‘.\_.’JLC.” sac il r»-..v) -
..J"A.CJ' )._3..:;.55 fp U_, oJLc..:L_: J,&.;‘_JI&“_;S_,'_‘ t:o J.,A.C.Jl )‘,Lx.o 0 T
Jdepth JI Ge w3y U gadl Joy oy cover I slelye g 520SUN (3 wasdt a4y -

2dhrm Flwll (e Ll w3 LS -

1 U UelS olef gy -
_d_{_l_‘ j7 cover Column, P.C footing and R.C footing.




